Rheumatoid factors (RFs) 
Introduction
Kunkel and co-wotkers reported that at least 60% of human monoclonal IgM rheumatoid factor (RF)1 cryoglobulins reacted with an absorbed, polyclonal rabbit antiidiotypic antiserum, termed anti-Wa (1) . The anti-Wa reagent recognized determinants that are dependent on the interaction between RF heavy and light chains; however, the exact structural basis 1 . Abbreviations used in this paper: BBS, borate-buffered saline; CRI, cross-reactive idiotype; KLH, keyhole limpet hemocyanin; PH, peptide heavy chain; RF, rheumatoid factor. for the Wa cross-reactive idiotype (CRI) has not been determined (2, 3) .
IgM-RFs with the Wa CRI have structurally similar light chains that belong to the V,,III subgroup (4-7). Many of these light chains express a CRI identified by the monoclonal antiidiotypic antibody 17.109 (8) . Recently, it has been established that the 17.109 CRI is a phenotypic marker of a human germline VX gene that has been cloned, sequenced, and designated either VK325 or VK" (9, 10) . The 17.109 CRI is expressed by -2% of circulating IgM from normal adults (1 1, 12) , and higher levels of expression occur after EBV infection (13) . Furthermore, this marker is present on -40% of circulating RFs from some patients with Sjogren's syndrome (14) , and on 25% of kappa positive chronic lymphocytic leukemia cells (1 1).
Taken together, the results suggest that the VK325 gene (or very closely related genes), is common in the human population, and may be associated with certain B cell lymphoproliferative diseases.
Much less is known about the variable regions used by RF heavy chains. Andrews and Capra sequenced the complete heavy chain variable regions of two Wa CRI-positive RFs, Sie and Wol (15) . Both proteins belong to the VHI subgroup, and have JH4 segments. However, they share only 60% homology and have divergent sequences in all three complementaritydetermining regions, which suggests that they derive from different germline V region genes. More recently Capra and coworkers have determined the heavy chain sequences of two additional IgM-RFs of the Wa idiotype group, Bor and Kas (16) . These two heavy chains are very similar to each other, yet differ extensively from Sie and Wol heavy chains, suggesting that they probably derive from a different VHI gene. Heavy chain heterogeneity was also suggested when antibodies prepared against synthetic peptides, and corresponding to the second complementarity-determining regions of Sie and Wol heavy chains, failed to identify any other RF proteins ( 17 (20) . The three peptides used in these studies corresponded to portions of the first framework region sequences of human heavy chains. They represent consensus sequences of the three known subgroups; and were designated peptide heavy chain (PH) I, PHII, and PHIII (TableI). The chosen prototype subgroup sequences were distinct; the greatest homology was only 50% between PHII and PHIII. The peptides were coupled to keyhole limpet hemocyanin (KLH) through a terminal cysteine moiety, using m-maleimido-benzoyl-N-hydroxysuccinamide ester (21 Immunoblot analysis. The binding specificity of antipeptide antisera and antibody 17 .109 were also assessed by an immunoblot method, as previously described (14, 18, 22) . Briefly, the heavy and light chains of Igs were separated by electrophoresis in 10% polyacrylamide gels containing0.1% SDS, after boiling them for 1 
Results
Preparation and characterization of antipeptide antisera. Previous experiments have shown that peptides corresponding to a consensus sequence of the first framework region oflight chains could be used to make antisera highly specific for human kappa light chain variable region subgroups (18) . Therefore, a similar strategy was used to make heavy chain subgroup-specific reagents. After immunization with first framework peptides, all rabbits produced high titer (>1:0,000) antisera when tested against the immunizing peptide by ELISA (data not shown).
The specificity of binding of the antisubgroup antisera was then tested by the immunoblotting of proteins of known sequence. As expected, each antipeptide antiserum bound to Igs belonging to the appropriate VH subgroup ( Fig.1 Anti-VHI1 (Fig. 3 A) . In published observation). Fig. 2 shows that anti-PHI also reacts contrast, preincubation of the antiserum with 100 ug/ml of peptide corresponding to the other VH subgroups caused no inhibition (Fig. 3 B) . Equivalent results were obtained from analyses of two non-RF VHI paraproteins, and from studies of other paraproteins with the anti-PHII and anti-PHIII sera (data not shown). Together, these data clearly demonstrate the fine specificity of the peptide-induced subgrouping reagents. Subgroup characterization ofhuman RFs. To characterize the heavy chain subgroups of RF autoantibodies, 27 of these paraproteins were tested by immunoblotting. Fig. 1 displays reactivity of the three antipeptide antisera with 14 RFs and 1 non-RF paraprotein. Here, in addition to three known VHr_ RFs, the anti-PHI reacts with six other RFs (Arl, Dri, Sou, Bel, Blo, and Mcd). In contrast, anti-PHIII reacts with only one additional RF (Cha). The fine specificity of the peptide-induced antisubgroup antisera and the monoclonality of each g heavy chain is demonstrated by the reactivity of each RF with only one of the heavy chain subgroup-specific reagents. All RFs tested were reactive with one of the three VH antisera. Fig. 2 displays the immunoblot analysis of eight VK325-RF paraproteins (7, 23, 24) . Also included is Pom, a non-V"325 IgM-RF (1, 4). As illustrated, four of the heavy chains reacted with the VHI specific antibody, two with the antibody against VHII, and three with the antibody against VHIII. Again, the specificity of these reagents in identifying heavy chain subgroups is demonstrated.
Kappa subgroups were assigned to the associated light chains of the RF paraproteins using peptide-induced antisera, which have previously been described. The (26) (27) (28) (29) (30) . These autoantibodies are produced by 3-20% of murine hybridomas derived from LPS-stimulated splenic B cells (31, 32) . To explain this large representation of RF-secreting B cells within the normal immune system, Schlomchik et al. determined the sequences of RFs that arise in LPS-stimulated mice. They found that murine RF activity was generated by a limited set of light chains in association with a diverse group of heavy chains (33) .
A majority of human RF cryoglobulins have been shown to express the Wa CRI. Many of these proteins also bear the 17.109 CRI, which has been shown to be a phenotypic marker for the V,325 gene. Sequence analyses of four V.325-RFs revealed an exclusive use of VHI genes. These results suggested that human RFs, in contrast to murine RFs, were heavy chain subgroup-restricted. To resolve the apparent difference between RFs, we studied a large panel of human RF paraproteins. The results of our experiments showed that, although the great majority of V0325-encoded RFs use VHI heavy chains, a minority do use heavy chains from other VH subgroups. The data are entirely consistent with our previous observation concerning the heterogeneity of human RF heavy chains (17) . It The RFs Arl, Bel, Blo, Cha, Dri, McD, Sou, Tal, and Glo and associated Wa idiotypic reactivity have previously been described by Kunkel, Agnello, and co-workers (1, 4, 15, 25) . Glo was initially listed as GI. The RFs Bor, Kas, Lay, Porn, Riv, and Sie have previously been described by Capra, Newkirk, and co-workers (4, 15, 16, 44, 46) . The RF Cor has previously been described by Schrohenloher and co-workers (12, 47) . The RFs Cur, Glo, Got, Neu, and Pay and their light chain sequences have previously been described reported by Frangione, Goni, and co-workers (7, 23) . The RFs Fra and Kok have previously been described by Jefferis and co-workers (19) . The RF Koh has previously been described by Kaplan and Metzger (48) . The RFs Les and Palm, and the light chain sequence of the former, have previously been described (12, 17, 34, 49 Gar, Cur, and Got is listed as previously described (14) . $ Reactivity with the subgroup specific antipeptide reagents was evaluated by immunoblotting. Subgroup was assigned for heavy chains or kappa light chains if the protein was reactive with only one of the antipeptide antisera. Certain proteins were nonreactive with all related antisera and were designated ".. § NT, idiotype not assigned. 11 The light chain was assigned a kappa sugroup based on amino acid determination (39) . 'NA, not applicable. The light chain is a lambda.
V.325-RFs. First, light-heavy chain pairing may be nonrandom, irrespective of RF activity, but this seems unlikely as preliminary studies of 17.109 affinity-purified Ig from a variety of donors failed to show a VH subgroup preference. It is more probable that specific sites within the heavy chain variable regions play a direct role in Fc binding. The chain recombination experiments of Schrohenloher and Hester support this conclusion (39) . In the present study insights into the V gene origins of a diverse panel of human RF paraproteins were gained, by the use of antibodies with predetermined specificity against sequences in the first framework regions of the heavy and light chain variable regions. Using antibodies specific for the three heavy chain and four kappa light chain subgroups, 44 of 45 kappa light chains and all of 50 heavy chains were characterized. Thus, the first framework region of human heavy chains appears to contain a primary sequence-dependent epitope that can be used to discriminate variable region subgroups. The strong immunogenicity of the first framework region may be due to the presence of a ,3 bend at residues 13-16 (18, 40) . The reactivity of the great majority of Ig molecules with these reagents may be explained by the observation that mutations in the framework regions are more often silent than in adjacent hypervariable regions (41, 42) .
In summary, the data indicates that the 17.109, G6, and Wa CRIs identify overlapping subsets of IgM-RFs. Previous experiments have shown that the light chain-associated CRI, 17 .109, is the marker of a germline gene, V0325 (9-1 1) . The present data demonstrate that the heavy chain-associated CRI, G6, is a marker for the products of a subset of VHI genes. 
